Introduction
Overweight and obesity result from a prolonged positive energy balance. Since physical activity is an important component of energy expenditure, it is often assumed that a low level of physical activity is involved in the aetiology of obesity and overweight. However, the relationship between physical activity and fatness is not as clear as might be expected. Evidence for an influence of childhood activity on the development of obesity is inconsistent, with studies roughly divided between finding either no effect. [1] [2] [3] [4] or a protective effect of activity. [5] [6] [7] Indeed, there are a lot of methodological problems measuring physical activity, especially in children. Many studies so far have used questionnaires focusing on only few dimensions of activity that are believed to be easily recalled by children and their parents. However, questionnaires may be appropriate for assessing planned and vigorous activity like aerobic exercise, but are unlikely to be reliable in measuring daily living activity. Since activity of children is often sporadic and spontaneous in nature, and not particularly controlled by cognitions and because daily living activity may be more important than aerobic exercise to prevent obesity, [8] [9] [10] [11] the use of activity questionnaires in children may lead to false negative results. In this regard, the examination of a population of children who naturally express a high level of lifestyle activity may represent an interesting alternative approach. According to the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV; 12 ), children with Attention-Deficit/Hyperactivity Disorder (ADHD) are physically hyperactive per definition. ADHD represents a neuropsychiatric disorder in which physical hyperactivity is present from early childhood on 13, 14 and must have caused impairment before the age of 7 y. 12 According to the DSM-IV criteria, the following symptoms of hyperactivity have persisted for at least 6 months to a degree that is maladaptive and inconsistent with developmental level: (1) often fidgets with hands or feet or squirms in seat; (2) often leaves seat in classroom or in other situations in which remaining seated is expected; (3) often runs about or climbs excessively in situations in which it is inappropriate; (4) often has difficulty playing or engaging in leisure activities quietly; (5) is often 'on the go' or often acts as if 'driven by a motor'. Porrino et al 15 measured physical activity of ADHD children and controls by an acceleration-sensitive device placed at the trunk. Motor activity was automatically and continuously recorded for seven days, 24 h a day. They found that ADHD children were significantly more physically active than controls regardless of the time of day (P ¼ 0.02).
As they placed the devise at the trunk, they recorded real body movements and not only fidgetiness. Therefore, it is reasonable to assume that boys with ADHD express a comparably high grade of lifestyle activity as of their early childhood. Thus, we hypothesized that the prevalence of overweight and obesity is lower in a population of boys with ADHD than in the German reference population of the same age.
Methods
A clinical sample of 97 boys with the ADHD diagnosis of the combined type (combination of the inattentive and hyperactive-impulsive types; DSM-IV 314.01) aged between 5.5 and 14.7 y (mean 1072 y) admitted to the in-patient and outpatient units of the Department of Child and Adolescent Psychiatry of the University of Aachen from 1999 until 2001 were included in the study. These patients were originally recruited for a previous study assessing psychophysiological responses in ADHD boys with and without conduct disorder. 16 Conduct disorder was defined according DSM-IV (312.8). Patients with ADHD and oppositional defiant disorder (DSM-IV 313.8) were excluded in that study and therefore were not part of the current investigation. A total of 14 patients received methylphenidate medication (mean duration: 5 months, mean dosage 0.5 mg/kg/day); all others were medication-naïve. All children were diagnosed according to DSM-IV criteria by an experienced child and adolescent psychiatrist and a child psychologist. DSM-IV 
Results
A total of 41 patients received a diagnosis of ADHD and 56 of ADHD in combination with conduct disorder. Anthropometric data of the whole sample are given in Patients' mean BMI-SDS was 0.2571.2 and thus significantly higher than the mean reference value of 0 (P ¼ 0.038; Figure 1 ). The mean height-SDS (À0.0670.9; P ¼ 0.67) did not significantly differ from 0. The proportions of overweight (19.6%; P ¼ 0.0008) and obese (7.2%; P ¼ 0.0075) subjects were significantly higher than expected.
Discussion
To our knowledge this is the first study to assess the prevalences of overweight and obesity in ADHD patients. In contrast to our hypothesis, our ADHD sample had a significantly higher BMI-SDS and included significantly more overweight and obese subjects than the German population of the same age range. Therefore, our results argue against a protective influence of high levels of physical activity on the development and persistence of overweight and obesity in ADHD boys. Our results are in line with the studies of Robinson et al 24 and of Maffeis et al, 2 who found that higher activity levels of children were not associated with a decreased risk of later fatness. Nevertheless, since we did not directly measured physical activity (eg with accelerometry) and since we relied on the assumption that physical activity levels relevant for energy expenditure are increased in ADHD children, we can only hypothesize that increased physical activity levels does not provide a protective effect in our patient sample. Therefore, future studies should include objective measurements of physical activity to address this issue. We can only speculate on factors underlying the unexpected high prevalence of overweight and obesity in our patient group. Our study sample only includes subjects without significant comorbid medical and psychiatric disorders (especially depression) and without potentially orexigenic medication that might have contributed to the development of increased rates of overweight and obesity in medicated ADHD children. Methylphenidate often has anorexigenic side effects leading to weight loss. 25 However, although we included 14 patients who received methylphenidate for a mean of 5 months, we still found a high prevalence of overweight and obesity in the whole study sample, and mean BMI-SDS of patients with or without methylphenidate medication did not differ significantly. Only few studies have addressed potential psychological or behavioural factors on food intake in the development of obesity in childhood. Moreover, mechanisms by which such factors might disturb energy balance appear largely untested. 11 We have previously assessed BMI of children and adolescents with two other psychiatric disorders: obsessivecompulsive disorder 26 and Asperger's syndrome. 27 In contrast to the current study, these two psychiatric conditions were characterized by predominance of children with BMI in the low percentile range. Pine et al 28 reported a potentially relevant correlation between symptoms of conduct disorders during adolescence and obesity in early adulthood, attributed to common mechanisms underlying 'impulsive aggression' and dysregulation of body weight. Another study by Altfas 29 reported a high prevalence of ADHD in obese bariatric adults, which was related to a poor treatment outcome. Altfas hypothesized that impulsivity might be involved in the onset or persistence of obesity. Consistently, Agranat et al 30 reported that the prevalence of ADHD among Overweight and obesity in children withADHD K Holtkamp et al morbidly obese children was significantly higher than in the population at large. In contrast, Mustillo et al 31 demonstrated that in a general population sample, chronically obese children were not significantly more likely than nonobese children to have conduct disorder or ADHD. Nevertheless, the authors found chronic obesity to be associated with oppositional defiant disorder. Moreover, Lumeng et al 32 found clinically meaningful behaviour problems in 8-11-y-old children independently associated with an increased risk of concurrent overweight and becoming overweight in previously normal-weight children.
In sum, theses studies imply that at least in a subgroup of obese patients behavioural problems may be involved in the development or maintenance of overweight and obesity. Impulsive behaviour is a symptom of ADHD, conduct disorder and oppositional defiant disorder and as such may play a role in the development of obesity in ADHD children. Animal, genetic and neuroimaging studies suggest that the dopaminergic system plays a role in both the neurobiology of ADHD (for a review, see Biederman and Faraone
33
) as well as in the reward system of food-seeking behaviour (for a review, see Salamone et al 34 ) . Therefore, one may hypothesize that factors that are believed to contribute to children's ADHD symptoms also affect their reward system for food and therefore change the appetizing value of certain food stimuli resulting in an increased food intake.
The following limitations apply to our study: elevated mean BMI-SDS and rates of overweight and obesity in our ADHD children could be due to the fact that the reference population was assessed prior to our cases, implying that a secular trend might explain the observed results. Nevertheless, we have recently shown that the mean BMI of 6-yold children in the city of Aachen (where our department is situated) in the year 2002 was nearly completely concordant (51th percentile) with the 50th percentile of the reference population we have used in the current paper (Lamerz et al, in revision). Therefore, it seems to be unlikely that our results are due to the secular trend.
Generalizability of conclusions based on our data is limited by the use of a clinical sample of ADHD boys only, which may not be representative of the general ADHD population. For this reason, our results need to be confirmed in nonclinical samples of both male and female subjects. Samples of children with conduct disorder often include a higher proportion of subjects with low socioeconomic status, which may account for an increased rate of overweight and obesity. Nevertheless, in our study, there were no differences in the relative number of overweight and obese subjects nor in mean SDS of height and BMI in children with ADHD in combination with conduct disorder in comparison to children with ADHD alone. However, future studies of obesity in ADHD children should control for known risk factors of obesity like socioeconomic status and BMI of the parents, which were not assessed in the current study.
In sum, ADHD children may represent a population that expresses both higher rates of lifestyle activity and obesity.
We hypothesize that further examination of these children will help to investigate the relationship between obesity and contributing psychological or behavioural factors.
